Abstract: Graft-modified rubbers including maleic anhydride grafted ethylene propylene diene monomer (MAH-g-EPDM) and 49% methyl methacrylate grafted natural rubber (MMA-g-NR, i.e. MG49 rubber) were employed to toughen polypropylene (PP) and polystyrene (PS). The results showed that Charpy impact strength of the notched PP specimens and unnotched PS specimens at room temperature was improved markedly by addition of the graft-modified rubbers. Moreover, Charpy impact strength of the plastics increased with increasing graftmodified rubbers content and the incorporation of MAH-g-EPDM enhanced impact strength of the plastics more markedly than MG49. The result of thermogravimetric analysis (TGA) indicated that the addition of MAH-g-EPDM improved the thermal stability of PP, while the incorporation of MG49 reduced it. Good compatibility between the plastics and MAH-g-EPDM and saturation of EPDM could be responsible for these mechanical and thermal features. This preliminary work may also provide some information for oil-resistant modification of plastics due to the polar groups grafted onto the backbone of rubbers.
Introduction
Graft-modified rubbers have been investigated as effective compatibilizers to improve the adhesion between fillers and rubber-based matrices, incorporating polar groups [1] [2] [3] [4] [5] [6] . Scheme 1 and 2 show the schematic structures of two typical graft-modified rubbers, i.e. methyl methacrylate grafted natural rubber (MMA-g-NR, also called MG rubber) and maleic anhydride grafted ethylene propylene diene monomer (MAH-g-EPDM) [7] . However, to the best of our knowledge, the effect of unvulcanized graftmodified rubbers on impact strength and thermal stability of the plastic/graft-modified rubber blends was seldom reported. In this work, the blending of general plastics including polypropylene (PP) and polystyrene (PS) with MAH-g-EPDM and 49% methyl methacrylate grafted natural rubber (MG49 rubber) was performed using a twin screw extruder. The effect of the graft-modified rubbers on Charpy impact strength and thermal stability of the plastic/graft-modified rubber blends was investigated. The future further work will be carried out to analyse and compare the structure, morphology and properties of the blended plastic/rubber composites in detail. 
Results and discussion
Charpy impact strength Fig. 1 shows optical pictures for the selected plastic/graft-modified rubber blend plates. The transparent pure PS plate lying on a brown desktop is shown in Fig. 1(d) .
The colours of blend plates are similar to those of graft-modified rubbers. A pendulum-type single-blow impact test is performed in which the specimen is supported at both ends as a simple beam and broken by a falling pendulum. The absorbed energy per unit area, as determined by the subsequent rise of the pendulum, is a measure of Charpy impact strength. As shown in Tab. 1, the addition of either MAH-g-EPDM or MG49 improved the impact strength of both PP and PS. Moreover, impact strength of the plastics increased with increasing graft-modified rubbers content. Unexpectedly, the incorporation of MAH-g-EPDM enhanced impact
strength of the plastics more markedly than MG49, as natural rubber was considered as a more efficient elasticizer [8] [9] [10] . High content (49%) of MMA homopolymer grafted on the main chain of NR and good compatibility between plastics and MAH-g-EPDM could be responsible for these mechanical features. 
Thermal decomposition
Polymer degradation is generally an undesirable process involving a deterioration of properties. As shown in Fig. 2 , the degradation processes of all the blends were onestep processes. Thermograms of the raw materials including MG49, PS, PP and MAH-g-EPDM are shown in Fig. 2(a) , and their thermal stability increased stepwise following this order. As shown in Fig. 2(b) , the maximum degradation rate for PP/graft-modified rubber blends (85%PP/15%MAH-g-EPDM and 85%PP/15%MG49) occurred at the temperature between those of pure PP and graft-modified rubbers. This indicated that the addition of MAH-g-EPDM improved the thermal stability of PP, while the incorporation of MG49 reduced it. This result was contradictive to that of the literature [3] . Generally, thermal stability of saturated rubbers (including EPDM) is superior to that of unsaturated rubbers (including NR and MG49) [8] . This well-known tendency could be responsible for the aforementioned thermal features. 
Conclusions
Graft-modified rubbers including MAH-g-EPDM and MG49 toughened PP and PS were successfully prepared by a melt-blending method. Enhanced impact strength and deviated thermal decomposition of PP and PS were obtained. Charpy impact strength of the notched PP specimens and unnotched PS specimens at room temperature was improved markedly by addition of the graft-modified rubbers, which increased with increasing graft-modified rubbers content. Incorporation of MAH-g-EPDM enhanced impact strength of the plastics more markedly than MG49. TGA measurement indicated that the addition of MAH-g-EPDM improved the thermal stability of PP, while the incorporation of MG49 reduced it. High content (49%) of MMA homopolymer, good compatibility between the plastics and MAH-g-EPDM and saturation of EPDM could be responsible for these mechanical and thermal features. This preliminary work may also provide some information for oil-resistant modification of plastics due to the polar group grafted on the main chain of rubbers.
Experimental

Materials
An isotactic polypropylene (PP) homopolymer named WH-T30S was supplied by Wuhan Petroleum Chemicals Co., Ltd. A commercial grade polystyrene (PS) named PG-33 was derived from Zhenjiang Qimei Chemical. MAH-g-EPDM (maleic anhydride grafted ethylene propylene diene monomer) with 1% MAH was provided by Shanghai Sunny New Technology Development. MG49 (49% methyl methacrylate grafted NR) was obtained from Zhanjiang State Farms.
Preparation of plastic/graft-modified rubber blend specimens
Graft-modified rubbers (MG49 or MAH-g-EPDM)/PP (or PS) blends with weight ratio 5/95, 10/90 and 15/85 were mixed by means of a dual bolt extruder (Model SHJ-20, Nanjing Jieya Extruder Equipment Co., Ltd.) with an aspect ratio of 32. The blends were extruded as twin laces of 4 mm diameter, which were hauled into a quenching water trough prior to being pelletized. Dried pelletized blends were melt at 170 °C and moulded into the predetermined geometry 120 mm (length) × 120 mm (width) × 4 mm (thickness) by using a plate vulcanizing press machine (Model XLB-D350×350×2-0.25 MN, Huzhou Dongfang Electrical Equipment Co., Ltd.). To form impact specimens, the cooled plastic/graft-modified rubber blend plates (partially as shown in Fig. 1 ) were cut into geometry 120 mm (length) × 10 mm (width) × 4 mm (thickness) by using a universal sample preparation machine (Model HY-W, Chengde Dahua Testing Equipment Co., Ltd.). For pure PP and PP-based blends, a 45° Vnotch, 2 mm in depth, was machined at the centre of each specimen due to their high impact properties.
Measurement of Charpy impact strength
Charpy impact strength was determined for unnotched PS-based and notched PPbased specimens according to the Chinese standards GB/T 1043-93 (idt. ISO 179 and ISO 180) using an XJJ-50 pendulum-type instrument at 23 °C. For each specimen, 12 measurements were carried out and the average values were calculated. Standard deviation was within 1% as well.
